Introduction
The use of chemical fertilizers and pesticides has caused an incredible harm to the environment. These agents are both hazardous to animals and humans and may Persist and accumulate in natural ecosystems (Musa et al., 1976 ). An answer to this problem is replacing chemicals with biological approaches, which are considered more environment friendly in the long term. One of the emerging research area for the control of different phytopathogenic agents is the use of biocontrol plant growth promoting rhizobacteria (PGPR), which are capable of suppressing or preventing the phytopathogen damage (Venant Nihorembere et al., 2011) .
Fluorescent pseudomonads representing group of PGPR can promote growth and suppress plant pathogens by multiple mechanisms. Their applicability as biocontrol agents has drawn wide attention because of production of secondary metabolites such as siderophores, antibiotics, volatile compounds, HCN, enzymes and phytohormones (Gupta et al., 2001) . Pseudomonas fluorescens is considered as biological biocontrol agent against various plant related diseases including root diseases (Ursula et al., 2000) . They can be utilized in lowinput sustainable agricultural applications, such as biocontrol, on account of their ability to synthesize secondary metabolites with antibiotic properties (Franks et al., 2006) . Many of such antibiotics produced have a broadspectrum activity but strain to strain variations do exist (Raaijimakers et al., 2002) . These secondary metabolites include 2, 4-diacetylphloroglucinol (DAPG), phenazine (Phz), pyrrolnitrin, oomycin A, viscosinamide, pyoluteorin and hydrogen cyanide (HCN). Among these secondary metabolites, DAPG has received the particular attention because of its production by a wide range of pseudomonads used for the biological control of root diseases (Dowling and Isnansetyo et al., 2003) . These bacteria have been studied intensively because they are responsible for the suppressiveness of some soils against take-all disease of wheat caused by Gaeumannomyces graminis var. tritici (Weller et al., 2002; De Souza et al., 2003b ; fusarium wilt of tomato Tamietti et al., 1993) , black root of tobacco caused by Thielaviopsis basicola (Stutz et al., 1986 ) and damping-off of sugar beet caused by Pythium ultimum (Fenton et al., 1992) . In addition to their antifungal activity, such bacteria have been found to possess some antiviral properties (Tada et al., 1990) and also inhibit the growth of soft-rotting bacteria and cyst nematodes of potato (Cronin et al., 1997) due to presence of DAPG. Thus the study of genotypic and phenotypic diversity of Pseudomonas spp. Along with their plant growth-promoting potential is important not only for understanding their ecological role in the rhizosphere and the interaction with plants, but also for any biotechnological applications as plant growth-promoting rhizobacteria.
II.
Materials and Methods diluted samples were spread on Pseudomonas selective medium based on King's medium B(KMB) ( King et al., 1954 ) that was made selective for isolation of Pseudomonas fluorescens by adding chloramphenicol (13µg/ml), cyclohexamide (100µg/ml) and Ampicillin (50µg/ml) in them (Simon& Ridge,1974) . Three replicate plates were incubated at 27°C for 48 hours. After 48 hours of incubation, all the isolates were checked for fluorescence under UV light (Sharifi-Tehrani et al., 1998) and representative types of colonies were selected and further purified on KMB agar medium. Pure isolates were preserved at -80°C after an addition of glycerol to a final concentration of 40% (v/v).
Sampling and Geographic Location

2.3Morphological and biochemical characterization of isolates
Morphological features including colony type, bacterial shape and growth characteristics of the isolates were determined using King's B agar medium. Catalase test, fluorescent pigment on KB media and siderophore detection were obtained according to previously reported manual (Goszczynska et al. 2000 , Arnow, 1937 and Pickett et al. 1991 . HI Assorted Biochemical kit (HI Media, Mumbai ) containing sterile media for Citrate, ornithine, lysine decarboxylase, urease`, phenylalanine deaminase, Nitrate reduction, H2S production test and 5 different carbohydrates for fermentation test-Glucose, Adonitol, Lactose, Arabinose, and Sorbitol was used for further screening of isolates.
Preparation of inoculum
Single well isolated colonies were picked up with sterile loop and inoculated in 5 ml nutrient broth and incubated at 37°C for 4-6 hours until the inoculums turbidity reached 0.1OD at 620 nm. The biochemical test kit was opened and used as per vendor's instructions. Each well was inoculated with 50 μl of the overnight grown cultures by surface inoculation method and kept for incubation at 35-37°C for 18-24 hours. At the end of the incubation period, a series of reagents were added to carry out biochemical tests.
In vitro fungal inhibition assay
The fungal test cultures used in the current study were obtained from Division of Plant Pathology, SKAUST, Srinagar (Kashmir), India and grown on Potato dextrose agar (PDA) (peeled potato 250 g, dextrose 20g, agar 15 g, distilled water 1L). Further, purification was done by single spore isolation technique and cultures maintained at 27°C on PDA slants. Seven to ten days old cultures of Fusarium oxysporum and Aspergillus species were used in the experiment. Fungal bioassay was performed by using the paper disc method (Bahraminejad et al., 2008) . Fungus suspension was spread over the PDA plates and an overnight grown Pseudomonas fluorescens used as a source of antifungal agent. A fresh colony of Pseudomonas fluorescens isolated from rhizosphere soil was inoculated in nutrient broth and incubated at 27 °C for 24 hrs. Paper discs were soaked in 5 ml of this bacterial culture for 30 seconds and later placed on agar plates. The discs were dried between each application and were applied on agar plates within 15 mints after fungus inoculation, and plates incubated at 27 0 C for 3-7 days. At the end of incubation period, the plates were checked for clear zones of inhibition formed around the discs. The experiment was done in triplicate for each antifungal Pseudomonas fluorescens isolates.
2.6 Production of antifungal metabolite 2.6.1 Siderophore Siderophore production was analysed using Chrome Azurol S (CAS) medium (Schwyn and Neilands., 1987). Formation of yellow to orange halo zone around the colonies after incubation at 27 0 C for 48h to 72hrs was considered to be positive.
PCR amplification of PhlD Gene:
PCR amplification of PhlD gene was performed using self designed SGF (5'-CCAAGGGCATAGCTCATCAT) forward and SGR (3'-GCTCAAGGAGCAATCGTTTC) reverse primer. PCR amplification was carried out in 25µl reaction mixtures containing 2μl DNA, 1 μl of each forward and reverse primers, 2.5 μl of 1x Taq polymerase buffer with 1.5Mm of MgCl 2 , 2μl of 25 mM dNTP mix (Fermentas,USA), 1 U of Taq DNA polymerase (Fermentas,USA) and rest 14 µl of sterile water with following cycling conditions: Initial denaturation at 94°C for 5min followed by 35 cycles of 94°C for 30sec, 56°C for 30sec, 72°C for 30 secs with a final extension of 72°C for 10 min. Amplification was carried out in Techne cycler (TC-2295, UK).
The amplification products were electrophorised on 1% (w/v) agarose gel with 0.5x TBE buffer. Before loading, reaction mixtures (8 µl) were properly mixed with 2 µl of gel loading dye and loaded onto the wells of the gel along with DNA ladder. After electrophoresis, the gel stained with ethidium bromide (1.0 µg/ml) was visualized using a UV Trans-illuminator and photographed using Gel Documentation system (BIO-RAD, India).
III.
Results
3.1Isolation of Pseudomonas fluorescens
In the present study, from one hundred and thirty five rhizosphere soil samples, only 52 isolates were able to fluoresce under UV light (Fig 5.4. a &b) . At biochemical level all the 52 isolates showed Catalase and Oxidase activity and also produced yellowish green fluorescein pigment on King's B medium peculiar to Pseudomonas fluorescens (Table5.1). Results were further authenticated by HI Assorted Biochemical Kit (Table5. 2).
Production of Siderophore
Interestingly, all of the 52 isolates produced Siderophore on CAS (Chrome Azurol S) blue agar except SKW2 and MSV5 by changing the colour of the CAS medium from blue to light yellow or orange (Fig 5.5) 
Antifungal assay in vitro
It was noteworthy that among the 52 Pseudomonas fluorescens isolates, only 7 isolates were found to inhibit the growth of Fusarium oxysporum and Aspergillus species (Fig 5.6 a & b& Fig 5. 7 .a& b) with variable antifungal activities. (Table 5 .3 & Fig 5.9) . As shown in figure 3 and 4 the highest zone of inhibition against Fusarium sp. was shown by Bandi 6 (29mm), followed by Bandi 11(28mm). Whereas highest inhibition against Aspergillus sp. was shown by BG6 (20mm). Bandi 6 and Bandi 11 showed best result against Fusarium sp. While as, BG6 showed best result against Aspergillus species. These results gave us a clue that all the 7 isolates posing antifungal activity may be involved in the production of PhlD antifungal metabolites (Antibiotic) and could be better exploited as biocontrol agents. Plates inoculated with fungus only served as control. Three replications were maintained for each isolate.
PCR-based screening method to detect DAPG production
In order to check the mode of action, all the seven Pseudomonas fluorescens isolates posing antifungal activity were subjected to PCR with self designed SGF and SGR forward and reverse primers respectively. Out of seven isolates only 4 isolates were able to produce DNA fragments corresponding to approximately 745-bp size that corroborated with the predicted known PhlD sequence of Pf-5(NRRL B-23932) used as positive control in the current study (Fig.5.8 ).
Sequencing of PCR products
Sequencing of PCR products for PhlD gene was performed using both forward and reverse primers at Bioaxis labs, Hyderabad (India). Partial PhlD gene sequences of Pseudomonas fluorescens SKW1 (Sagik2r), BG6 (Sagik1f) and Bandi6 (Sagik4r) retrieved in this study were deposited in the GenBank database under accession numbers JQ765867, JQ765868 and JQ765869.
IV.
Discussion Fluorescent pseudomonads, normally present in soil are effective colonizers of the rhizosphere of many crop plants possessing potential to inhibit growth of number of phytopathogenic fungi (Weller D.M., 1988). To our best knowledge, we are reporting first time from Kashmir valley of India, Pseudomonas fluorescens with potential antifungal activity. Such type of bacteria have been studied mainly because of their widespread distribution in soil, their ability to colonize the rhizosphere of host plants and ability to produce a wide range of compounds inhibitory to a number of serious plant pathogens (Anjaiah et al 1998; Weller 1988 ; Copper and Higgins 1993; Vidhyasekaran and Muthamilan 1995). They aggressively colonize rhizosphere of various crop plants, and have a broad spectrum antagonistic activity against plant pathogens, such as antibiosis (the production of inhibitory compounds) siderophores production and nutrition or site competition (Cartwright et al., 1995; Rosales et al., 1995 , Bull et al, 1991 .
Keeping such plant health promoting activities of the particular bacteria in view in our current study we were able to isolate 52 Pseudomonas fluorescens through biochemical screening of 136 wheat rhizosphere soil samples. As nowadays, biological control agents are highly appreciated as alternative to the use of fungicides, for suppression of fungal pathogens in agricultural production (Sigler et al., 2001) . Reports have shown that among the many organisms suited for biocontrol of soil borne diseases, the root-colonizing bacterium Pseudomonas fluorescens CHA0 has become a model for studying the behavior of biocontrol inoculants in the soil ecosystem (Rezzonico et al., 2003 It is well known that geographical locations play a big role in maintenance of different ecological niches. In our study also the different regions of Kashmir (SKAUST-K, Bandipora and Budgam) from where isolates were obtained varied in their agro climatic conditions. Some of the soil factors that have been identified to have a significant influence on variable biocontrol activity of Pseudomonas fluorescens isolates have been examined in many earlier studies. Reports have shown that production of siderophores by Pseudomonas spp. is greatest at 25-27°C (Barton et al., 1996) and is repressed at 37°C (Marugg et al., 1985) . Likewise, it is well known that ammonium forms of nitrogen can reduce the severity of take-all disease (Colbach., 1997; Huber., 1968; Mc Nish., 1988). Absorption of ammonium-nitrogen by wheat roots leads to excretion of corresponding H + ions and a corresponding reduction in rhizosphere pH ( Weller., 1988) . Taking all these things into consideration, the soil type sample sites was analyzed and SKAUST-K soil was found to be of clay loam type having pH 7.3, whereas soil type of Bandipora and Budgam was silty clay loam (pH 7.16) and sandy loam (pH 7.4) respectively. Secondly temperature that has been reported to be a key factor influencing both colonization by rhizobacteria and expression of biocontrol mechanisms (Burpee., 1990; Beauchamp et al., 1991) was found to vary in the range of [25] [26] [27] [28] [29] [30] o C in these selected regions of Kashmir. Our results clearly indicated that due to variable soil chemistry there is a wide variety of Pseudomonas fluorescens present in Kashmir valley.
As Pseudomonas fluorescens has been reported to provide 79-82 % control of rice blast and sheath blight that in turn increase grain yield in rice (Gnanamanickam et al., 1998) . The quantity and quality of nutrients available and the ability to compete successfully for them are also major determinants of microbial population size and metabolic activity, both of which are integrally linked to the regulation of antibiotic synthesis (Weller., 1990; Weller., 1993 ).
In the current study out of 52 isolates, only 7 isolates of Pseudomonas fluorescens showed antifungal activity against Fusarium oxysporum and Aspergillus species. One isolate from SKAUST-K (SKW1), two isolates from Budgam (BG6 & BG27), four isolates from Bandipora due to different soil chemistry (Bandi6, Bandi11, Bandi24 & Bandipora63) demonstrated varied antifungal activity against both the fungus. The proportions of antifungal isolates obtained were higher in Bandipora soil followed by Budgam. Literature cited indicates that biotic and abiotic factors associated with the crop and environment affect the performance of fluorescent pseudomonads (Thomashow and Weller., 1995; Duffy and Défago, 1997; Notz et al., 2002) and due to varied soil chemistry, the isolates with highest inhibitory activity against Fusarium oxysporum were retrieved from Bandipora soils compared to the soils of SKAUST-K and Budgam. While as, isolates with highest inhibitory activity against Aspergillus species were found from Budgam soil.
The 745-bp internal fragment from the phlD gene of Pseudomonas fluorescens has been extensively used to enumerate producers of 2, 4-DAPG among fluorescent pseudomonads from the rhizosphere of wheat (Duffy & Défago., 1999; Notz., 2002) and maize (Bangera & Thomashow., 1999) . Therefore, in order to check the mode of resistance offered by 7 isolates towards two different fungi, in our study PCR based analysis of 2, 4-DAPG was carried out. Detection of PhlD gene fragment corresponding to 745bp DNA fragment in four of the seven isolates i.e. SKW1, BG6, Bandi6 and Bandi24 corroborated well with previously reported PhlD gene (Wang and co-workers., 2001) . Interestingly, the results showed that there is no significant link between inhibition of fungal pathogens and existence of PhlD gene in Bandi11, Bandi63 and BG27. The important factor that may account for the lack of this relationship may be due to the other factors imparting antifungal activity to these isolates.
It is suggested that difference in biocontrol capacities may be due to one or more of the following factors. First, different genotypes produce different amounts of 2, 4-DAPG and other antifungal metabolites in vitro (Keel et al., 1996 ; Sharif-Tehrani et al., 1998) and such differences also may occur in situ. Second, the degree to which strains can colonize the rhizosphere may impact their ability to suppress invading pathogens. Thus, in this study it was concluded that variable antifungal activity of 7 different isolates could be attributed to production of antibiotic as well as to different locations and abiotic and biotic factors of soil from where they were collected.
Work related to in situ detection of 2, 4-DAPG is being carried out in our laboratory for its better exploitation as biocontrol agent. 
V. Tables and Figures
VI. Conclusion
The metabolite 2, 4-DAPG produced by Pseudomonas fluorescens is a major factor in controlling a range of plant pathogens. The experiment performed under in vitro conditions demonstrated that wild isolates of Pseudomonas fluorescens can inhibit the growth of Fusarium oxysporum and Aspergillus species that infect wheat crop of Kashmir. The isolates restricted the growth of tested fungi by the production of Siderophore and 2, 4-diacetylphloroglucinol.
Further in situ analysis of the antifungal metabolite produced by wild isolates of Pseudomonas fluorescens needs to be done. 
VII.
